Abstract: Tree invasions into meadows near upper timberline reduce diversity of habitat and diminish high-elevation food sources for black (Ursus americanus) and grizzly (Ursus arctos) bears. How serious is this threat in view of future climate change? Tree invasions observed in the Pacific Northwest to New Mexico suggest that climatic restraints to forest expansion have relaxed since the end of the Little Ice Age. Because climate patterns are large-scale phenomena, geographic synchronicity in tree establishment might be expected if a warming trend began. When tree invasion chronologies from Canada to New Mexico were compared, 2 synchronicities of climate and tree invasions appeared, indicating a possible climatic influence. However, forest retreat and meadow advance are also commonly observed at high elevations. The mechanism of retreat is usually fire followed by slow or unsuccessful regeneration of forest. There is no clear evidence based upon tree seedling chronologies that meadows will continue to be lost on the basis of climate change alone. Climate warming may set the stage for forest advance, but tree invasions are highly sensitive to local conditions. Concentrated grazing by domestic or wild animals in high-elevation meadows may trigger tree invasion by reducing competition to tree seedlings from established meadow vegetation. Prescribed fires or natural fires allowed to burn within prescriptions can be used as a tool for maintaining meadows and bear habitat under some of the projected climate change scenarios for western North America.
INTRODUCTION

Climate Change
There is abundant evidence that the earth's climate is currently changing, partially as a result of and in concert with extensive deforestation and the outpouring of greenhouse gases into the atmosphere (Schneider 1989 climatologists to continue into the twenty-first century (Schneider 1989 If the projected global warming has already begun, we expect to see tree invasions adjacent to established forests. The greater the warming, the more extensively we expect a forest microclimate to project beyond the edge of the forest into meadows and the greater the distance of invading trees into adjacent subalpine meadows or tundras. Pronounced warming might cause invading trees to attain high densities throughout meadows and tundras due to improved seedling survival. Similar effects are evident in rates of tree between mean annual temperature and peaks of tree invasion. 
METHODS AND STUDY AREAS
Terminology
In this paper "trees" are defined taxonomically, whatever their form. Their forms may range from tall (>15 m), full-canopied, and symmetrical to dwarfed (< 15 m) and shrubby, with wind-flagged canopies, to low krummholz canopies developed by snow abrasion and leaf desiccation, but they are the same species found in the forest below. We define "timberline" as the highest elevation at which trees can grow > 15 m tall in essentially closed-canopy stands with symmetrical crowns. The "forest-alpine tundra ecotone" is an elevational zone between timberline and "treeline," the highest elevational limit above which tree species cannot survive. The "ecotone" is characterized by mosaics of tundra plant communities and tree-dominated communities (Love 1970). "Subalpine meadows" refer to herbaceous communities that interrupt forests below timberline. Similarly, "tundras" are plant communities above timberline and do not include trees. "Displacement" implies that a site where the potential vegetation was at one time dominated by one community (trees or meadows or tundra) no longer has that potential; i.e., one kind of vegetation has displaced another. Displacement, as used here, does not include forest succession that might have a temporary herb/shrub stage.
Regional Tree Invasion Data
We selected 7 locations in western North America spanning a broad latitudinal range (Table 1) . At each location the number of tree seedlings were tallied into classes based on year of germination. Germination dates were measured in the studies shown in Table 1 
Regional Temperature Data
The regional temperature data we used came from weather stations screened on the basis of confidence, missing data, and consistency criteria (Karl et al. 1990). Data from selected stations were adjusted for bias due to time of observation, station and instrument changes, and urban heat island biases (Karl et al. 1988) . Four of the timberline sites (nNM, sCO, cCO, and sWY) occurred in the Southern Rockies climatic region, 2 (nWY, ALB) in the region approximated from the Northern Rockies climate region, and the wWA location was situated at the margin of the East Cascades climate region (Fig. 2) .
Temperature trends were computed as linear regressions from untransformed data (Fig. 1) or from 5-year running averages (Fig. 2 ), but were plotted visually. Temperature synchronicities were sought by aligning the seedling age distributions along the calendar year axis and visually examining for common modality between locations. The calendar years within these modes were assigned regional mean annual temperatures. These temperatures were then compared with overall mean annual temperatures since 1900 using simple t tests (Norusis 1990 ).
RESULTS
Pattern and Chronologies of Tree Invasions
In-filling of meadows by tree seedlings occurs from the limits of boreal forest at polar latitudes (Payette and Filion 1985, Scott et al. 1987), southward along mountain cordillera from Canada to New Mexico (see references, Table 1 ). Invasions are of 2 kinds: establishment of trees near existing forest or tree borders, and trees establishing 2-3 or more tree height distances beyond borders, sometimes as massive invasions that fill entire meadows (Fig. 3) .
The chronologies (Figs. 4ab) Cross tabulation of the chronologies in the Rocky Mountains revealed most peak periods of tree invasions between 1944-52 and 1959-69. These peak periods accounted for 63% of invading trees at sWY, 57% at ALB, 47% at nWY, and 37-40% at the Colorado and New Mexico locations. At Mount Rainier (wWA), which is located in a very different climatic region, those peak intervals included only 1% of trees in subalpine meadows.
Relationship to Climate Warming
The period from about 1890 to about 1940 was a time of general warming in western North America, followed by a cooling trend from about 1942 to 1974, and then continued warming to the present (Figs. 1-2 
Role of Grazing
Constriction of meadow habitat has the effect of concentrating both domestic livestock and wild grazing herds on fewer acres. Several studies cited in Table 1 implicated domestic livestock grazing as contributing to tree invasion, particularly where massive invasions occurred. Concentrations of large grazing animals may act as "site preparation" when the balance between trees and subalpine meadow or tundra vegetation is delicate, tipping the scales in favor of trees. Not only is there a reduction in bears' food supply as meadows yield to trees, but unless livestock numbers are reduced (which is seldom), there is more competition from sheep, cows, or elk in the openings that remain (to say nothing about adverse human encounters).
CONCLUSIONS
Tree invasions into high-elevation meadows at 6 sites in the Rocky Mountains have been related to slightcooling periods in an otherwise warming century. The relationship is weak because tree seedlings also established in years not within this cooling period. This phenomenon demonstrates to wildlife managers the dynamic nature of the forest-alpine tundra ecotone in western North America. A warming climate as indicated by simple mean annual temperatures, however, was not the direct cause of forest advance, because climate at timberline is strongly modified by local conditions. Nevertheless, future bear management under possible "greenhouse" conditions may require prescribed fires and adjustments in numbers of grazing animals to maintain the best mix of openings and cover for bears at high elevations.
